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ABSTRACT
The effect of ovariectomy, estrogen and pregnancy on hair color has been studied in
mature all red and all black guinea pigs.
Hair samples were obtained from the scalp and anterior abdominal wall of each
animal before and during the course of each experiment. Control samples of hair were
also removed from the same areas of a group of untreated animals. The hairs were
mounted on slides and hair color counts were performed. Subjective color comparisons
between hair samples were also made.
The results showed that ovariectomy, estrogen and pregnancy have no definite effect
on hair color. This lack of response of the follicular melanocytes to the procedures in
the present experiments is in marked contrast to the responses obtained previously
with the epidermal melariocytes; the latter are inhibited by ovariectomy and strongly
stimulated by estrogen and pregnancy. The significance of this independent activity of
morphologically identical pigment cells is discussed.
It is well known that the sex hormones can
influence pigmentation of the skin. Recently it
has been demonstrated that ovariectomy in-
hibits the process of melanogenesis in the skin,
while estrogen stimulates it (1, 2). It is also
known that during pregnancy skin pigmenta-
tion in certain areas of the body becomes
greatly increased and it is believed that estro-
gen and progesterone, probably assisted by the
melanocyte stimulating hormones of the pitui—
tary, are responsible (3, 4, 5). Despite the
morphological similarities between the melano-
cyte systems of the hair follicle and the epi-
dermis, it is possible that the two cell groups
respond differently to hormonal stimulation.
Their independent action is clearly seen in the
white haired Negro and the dark haired
Caucasian. The object of the present work is to
establish whether ovariectomy, estrogen and
pregnancy can influence follicular melano-
cytes in the same mamier as they influence epi-
dermal malanocytes.
MATERIALS AND METHODS
Thirty-three mature virgin female guinea pigs
were used. They were either all red or all black
in color but the animals were not genetically pure
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strains. The guinea pigs were divided into three
groups as follows: GROUP 1 (Control experi-
ment) consisted of six all red and six all black
animals. Hair samples were taken from the scalp
and anterior abdominal wall of each animal by
clipping. The hair was cut close to the skin with
standard electric clippers. A group of undisturbed
hairs from each clipping was mounted on a slide
under a coverslip as described previously (6).
Thereafter additional samples were removed from
exactly the same areas at monthly intervals for
3 months. GROUP 2. (Ovariectomy and estrogen
experiment) consisted of six all red and six all
black animals. Hair samples were taken from the
scalp and anterior abdominal wall of each animal
as described above. Each animal was then ovari-
ectomized. One month later a second sample of
hair was removed from the same areas. The guinea
pigs then each received intramuscularly once daily
for a month 0.1 mgm. estradiol benzoate in ethyl
oleate. At the end of the hormone treatment a
third and final hair sample was taken from ex-
actly the same areas noted above. GROUP 3.
(Pregnancy experiment) consisted of six all red
and three all black animals. At estrus, when the
vaginal membrane disappeared, hair samples were
taken from the scalp and anterior abdominal wall
of each animal. Each animal was then placed in
a cage with a male guinea pig for 48 hours. The
male animal was then removed and the female
left isolated for the remainder of the experiment.
By this means it was possible to accurately date
the onset of pregnancy. A second hair sample was
taken from the same areas one month later. At
six weeks, it was possible by abdominal palpation
to determine whether the animal was pregnant.
If fertilization had not taken place the animal
was discarded and replaced. A third hair sample
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Fie. I. Photomicrograph of hairs counted in the red guinea pigs. (a) light red hair.
The cuticle is thin and colorless. The cortical cells possess a moderate number of red melanin
granules. (b) dark red hair (small diameter). The cuticle is thick and reddish in color; no
melanin granules can be seen. The cortical cells possess large number of red melanin
granules. Cc) dark red hair (large diameter). The cuticle is very thick and pigmented
towards its inner border. The cortical cells contain large numbers of melanin granules. )< 309.
Fia. 2. Photomicrograph of hairs counted in the black guinea pigs. (a) grey hair. The
cuticle is thin and contains only an occasional fine black melanin granule. The cortical cells
contain numerous black melanin granules. (b) black hair. The cuticle is thin and contains
numerous fine black melanin granules. The cortical cells are packed with large black melanin
granules. X 311.
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was obtained at the eighth week of pregnancy and
a fourth at the time of parturition.*
In all the experiments changes in hair color
were assessed by, first, objectively comparing the
numbers of hairs of the same color in the differ-
ent samples and second, subjectively comparing
the overall color of the different hair samples.
Hair counts were performed as follows: In the
red animals the hair colors present were divided
into two groups which were called light red and
dark red. The hairs of the black animals were
similarly divided into two main groups, black and
grey. A total of 100 hairs was counted for each
slide at a magnification of X 200, and the numbers
* The duration of pregnancy in the guinea pig
is approximately 2—2'/i months.
of each hair color present were recorded. To avoid
bias, the identity of each sample was not divulged
to the person examining the slides. A few hairs
of other colors (e.g. white) were seen, but these
occurred so infrequently as to be considered neg-
ligible.
The subjective comparison of the overall hair
color of different hair samples was performed with
a microscope and the results recorded using the
"+" system.
RESULTS
The morphology of the light and dark red
hairs counted in the red guinea pigs and the
grey and black hairs in the black guinea pigs is
4W
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TABLE I
Red Animals
B minus A
C minus B =
D minus C
Black Animals
B minus A = Mean duff. +158 5.9 S.E. of cliff, t, 5 di. = 5.9 P < 0.05.
C minus B Mean duff. —20.6 5.6 S.E. of duff. t, 5 d.f. = 3.67 P > 0.01.
D minus C Mean duff. +14.1 10.75 SE. of duff. t, 5 d.f. = 1.31 P > 0.2.
shown in Figures 1 and 2. The detailed arrange-
ment of the melanin granules within the hairs
has been described previously (6). The relative
numbers of each type of hair found in the nor-
mal untreated animals (initial hair sample) are
shown in Tables 1—VI.
The numerical results of hair counts stated
below are expressed as averages for each
group.
1. Control Experiment
The hair counts for the red and black ani-
mals taken at different times during the experi-
ment are shown in Tables I and II.
Scalp. The number of dark hairs in the red
animals increased by 23 during the first month
(significant, P < 0.05). This was followed by a
significant decrease of 17 (P < 0.02) at the
second month. At the third month the dark
hairs decreased very slightly.
In the black anin..As, the number of black
hairs increased by 16 (significant, P < 0.05)
the first month. At the end of the second month
this number decreased by 21 (significant, P >
0.01). This was followed at the end of the third
month by an increase (insignificant) of 14.
Anterior abdominal wall. During the first
month, the number of dark hairs in the red
animals increased (insignificantly) by 5. At the
end of the second month a significant decrease
of 13 (P < 0.05) occurred. In the third month
practically no change took place (Fig. 3).
In the black animals, there was an insignifi-
cant increase in the number of black hairs after
the first month (7). After two months a slight
decrease occurred (5). During the third month
a small increase in the proportion of black hairs
took place (9).
2. Ovariectomy and Estrogen Experiment
The hair counts for the red and black ani-
mals taken at different times during the experi-
ment are shown in Tables III and IV.
Scalp. In the red animals, there was an in-
Showing the hair counts of hair samples taken from the scalps of the untreated control animals
No. of
animal
1816
1817
1818
1819
1821
1824
Color of
animal
Red
"
"
"
"
"
A S C D
Initial hair
sample
Hair sample
after 1 month
Hair sample
after 2 months
Hair sample
after 3 months
Light red
81
60
83
66
91
78
Dark red
19
40
17
34
9
22
Light red
26
55
62
47
62
71
Dark red
74
45
38
53
38
29
Light red
58
55
78
73
70
92
Dark red
42
45
22
27
30
8
Light red
57
76
83
84
85
67
Dark red
43
24
17
16
15
33
Grey Black Grey mack Grey Slack Grey Black
1822
1823
1953
1954
1955
1956
Black
"
"
"
"
"
89
70
90
65
82
55
11
30
10
35
18
45
51
48
72
62
66
57
49
52
28
38
34
43
89
75
71
77
83
85
11
25
29
23
17
15
85
93
70
31
38
78
15
7
30
69
62
22
Mean diff. +22.7 7.6 SE. of duff. t, 5 di. = 2.98 P < 0.05.
Mean duff. —17.1 4.91 S.E. of duff. t, 5 d.f. = 3.49 P < 0.02.
Mean duff. —4.3 d 6.8 S.E. of duff. t, 5 di. = 0.63 P > 0.5.
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+4.8 d 4.5 S.E. of duff. t, 5 d.f. = 1.06 P > 0.2.
—13 4.5 S.E. of cliff. t, 5 d.f. = 2.88 P < 0.05.
D minus C = Mean duff. +0.83 7.08 SE. of duff. t, 5 d.f. = 0.12 P> 0.5.
Black Animals
B minus A Mean duff. +6.5 3.5 S.E. of duff. t, 5 d.f. = 1.86 P > 0.1.
C minus B = Mean duff. —4.8 5.41 S.E. of duff. t, 5 d.f. = 0.88 P < 0.5.
D minus C = Mean duff. +8.5 4.6 SE. of duff. t, 5 d.f. 1.85 P > 0.1.
significant drop in the percentage of dark hairs
counted following ovariectomy. A somewhat
larger (10 hairs) but still insignificant decrease
in the number of dark hairs was noted after one
month of estrogen treatment. In the black ani-
mals, the number of black hairs increased by
29 after ovariectomy; this was not statistically
significant (P > 0.05). Following estrogen
treatment, the number of black hairs decreased
by 23 and this was significant (P < 0.05).
Anterior abdominal wall. The red animals
showed a slight increase in the number of dark
hairs following ovariectomy and a slight de-
crease after estrogen treatment (see Fig. 3).
Similar changes were found to have occurred in
the black animals.
3. Pregnancy Experiment
The hair counts for the red and black ani-
mals taken at different times during the experi-
ment are shown in Tables V and VI.
For purposes of description the hair sample
taken before copulation took place will be
called sample A; the hair taken after four
weeks of pregnancy sample B; that taken after
eight weeks of pregnancy sample C; that taken
immediately after parturition sample D.
Scalp. Between the time that hair samples A
and B were taken, the number of dark hairs in
the red animals rose insignificantly by 9. This
number dropped by 8 at the time of sample C.
There was an insignificant increase (16) in the
number of dark hairs at sample ID.
In the time between taking samples A and B,
the black animals showed a minimal decrease in
the number of black hairs. This was followed
by an insignificant decrease of 11 at sample C.
Between samples C and ID the animals showed
an average decrease of 9 in the black hair count.
Anterior abdominal wall. The red animals
(Fig. 3) showed a small insignificant increase of
6 dark hairs between samples A and B. Bo.-
TABLE II
Showing the hair covn/.s of hair samples taken from the anterior abdominal walls of the untreated
control animals
No. of
animal
1816
1817
1818
1819
1821
1824
Color of
animal
Red
"
"
"
"
"
A
Initial hair
sample
B
Hair sample
after 1 month
C
Hair sample
after 2 months
D
Hair sample
after 3 months
Light red
44
44
79
67
73
79
Dark red
56
56
21
33
27
21
Light red
52
39
81
62
49
74
Dark red
48
61
19
38
51
26
Light red
68
62
74
76
70
85
Dark red
32
38
26
24
30
15
Light red
82
70
60
83
80
56
Dark red
18
30
40
17
20
44
Grey Black Grey Black Grey Black Grey Black
1822
1823
1953
1954
1955
1956
Black
"
"
'
"
"
78
83
81
52
67
78
22
17
19
48
33
22
79
65
75
48
52
81
21
35
25
52
48
19
68
84
76
60
68
73
32
16
24
40
32
27
72
89
68
42
54
53
28
11
32
58
46
47
Red Animals
B minus A = Mean duff.
C minus B = Mean duff.
TABLE III
Showing the hair counts of hair samples taken from the scalps of the ovariectomized, estrogen treated animals
A B C
hair
sample
1 month after
ovariectomy
After one month
of estrogen
No. of
animal
1753
1754
1755
1756
1757
1807
1808
1809
1810
1812
1814
1815
Color of
animal
Red
''
Black
C'
Light red
86
83
80
72
65
78
Grey
83
68
76
98
86
70
Dark red
14
17
20
28
35
22
Black
17
32
24
2
14
30
Light red
76
88
78
82
67
85
Grey
22
59
85
57
23
61
Dark red
24
12
22
18
33
15
Black
78
41
15
43
77
39
Light red
92
88
87
80
96
91
Grey
59
85
70
87
57
87
Dark red
8
12
13
20
4
9
Black
41
15
30
13
43
13
Red Animals
B minus A = Mean duff. —2 3 SE. of duff. 4, 5 d.f. = 0.67 P > 0.5.
C minus B = Mean duff. —9.7 4.7 S.E. of duff. t, 5 d.f. = 2.02 P > 0.05.
Black Animals
B minus A = Mean diff. +29 12.6 S.E. of duff. 4, 5 d.f. = 2.3 P > 0.05.
C minus B = Mean duff. —23 7.96 SE. of diff. t, 5 d.f. = 2.87 P < 0.05.
TABLE TV
Showing the hair counts of hair samples taken from the anterior abdominal wails
of the ovariectomized, estrogen treated animals
A 13 C
Initial hair
sample
1 month after After one month
ovariectomv of estrogen
No. of
animal
1753
1754
1755
1756
1757
1807
1808
1809
1810
1812
1814
1815
Color of
animal
Red
'C
''
''
Black
''
''
Light red
81
86
89
75
71
95
Grey
75
75
72
62
85
84
Dark red
19
14
11
25
29
5
Black
25
25
28
38
15
16
Light red
60
77
85
80
64
94
Grey
65
85
64
58
87
71
Dark red
40
23
15
20
36
6
Black
35
15
36
42
13
29
Light red
85
88
85
90
83
80
Grey
70
79
72
78
89
87
Dark red
15
12
15
10
17
20
Black
30
21
28
22
11
13
Red Animals
B minus A = Mean duff. +6.2 3.65 S.E. of duff. t, 5 d.f. = 1.7, P > 0.1.
C minus B = Mean duff. —8.5 5.8 S.E. of duff. t, 5 d.f. = 1.46, P > 0.2.
Black Animals
B minus A = Mean diff. +3.83 3.54 SE. of duff. 4, 5 dl. = 1.08 P > 0.2.
C minus B = Mean duff. —7.5 3.91 SE. of duff. t, 5 dl. = 1.92 P < 0.2.
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TABLE V
Showing the hair counts of hair samples taken from the scalps of animals during pregnancy
No. of
animal
Color of
animal
A B C D
Initial hair
sample
Hair sample after
4 weeks of pregnancy
Hair sample after
8 weeks of pregnancy
Hair sample at time
of parturition
Light red Dark red Light red Dark red Light red Dark red Light red Dark red
1939
1941
1943
1960
1968
1974
Red
"
"
"
"
"
66
83
95
93
88
66
Grey
34
17
5
7
12
34
Black
77
70
67
89
81
55
Grey
23
30
33
11
19
45
Black
No samples
taken
65 35
99 1
94 6
89 11
53 47
Grey Black
90
52
47
83
69
69
Grey
10
48
53
17
31
31
Black
1970
1971
1980
Black
"
"
35 65
40 60
89 11
66
57
45
34 46
43 59
55 95
54
41
5
67
89
72
33
11
28
Red Animals
B minus A Mean duff. +8.7 5.29 SE. of duff. t, 5 d.f. 1.64 P < 0.2.
C minus B Mean duff. —7.6 6.63 S.E. of duff. t, 4 d.f. = 1.15 P <0.5.
D minus C = Mean duff. +16 11.04 S.E. of duff. t, 4 d.f. 1.45 P < 0.5.
Black Animals
B minus A = Mean diff. —1.3.
C minus B Mean duff. —10.7 21.2 S.E. of duff. t, 2 d.f. = 0.51 P > 0.5.
D minus C = Mean duff. —9.3 16.6 SE. of diff. t, 2 d.f. = 0.56 P > 0.5.
TABLE VI
Showing the hair counts of hair samples taken from the anterior abdominal wails of animals
during pregnancy
No. of
animal
Color of
animal
A
Initial hair
sample
Light red Dark red
B
Hair sample after
4 wks. of pregnancy
Light red Dark red
C
Hair sample after
8 wks. of pregnancy
Light red Dark red
D
Hair sample at time
of parturition
Light red Dark red
1939 Red 85 15 90 10 No samples
taken
1941 83 17 78 22 91 9
1943 " 95 5 87 13 93 7
1960 " 93 7 85 15 84 16
1968 100 0 87 13 84 16
1974 72 28 66 34 65 35
Grey Black Grey Black Grey Black
1970 Black 65 35 74 26 57 43
1971 82 18 56 44 54 46
1980 60 40 82 18 62 38
99 1
57 43
87 13
80 20
86 14
66 34
Grey Black
No samples
taken
68 32
70 30
Red Animals
B minus A = Mean dill. +5.8 2.5 S.E. of duff. t, 5 d.f. = 2.33 P > 0.05.
C minus B = Mean duff. —2.8 3.4 S.E. of duff. t, 4 d.f. = 0.93 P < 0.5.
D minus C = Mean duff. +8.2 6.7 S.E. of dill. t, 4 d.f. = 1.22 P> 0.2.
Black Animals
B minus A = Mean duff. —1.7.
C minus B = Mean dill. +13 10.5 SE. of dill. t, 2 d.f. = 1.23 P < 0.5.
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TIME SEQUENCE OF HAIR SAMPLES
Fm. 3. Graphs showing the average percentage
of dark red hairs in samples taken from the anterior
abdominal wall of red guinea pigs at different times
during the experiments. The iaterrupted line is for
the control animals who were clipped only. The al-
ternating line (dot and dash) is for the ovanec-
tomized and estrogen treated animals. The continu-
ous line is for animals in the pregnancy experiment.
For details of time sequences in the different experi-
ments see text.
tween samples B and C, there was a minimal
decrease. Sample D showed an average increase
of S (not significant).
In the black animals there was hardly any
change in the number of black hairs between
samples A and B. In sample C the black hairs
increased by 13 but this was not significant. In
the two surviving animals in this group there
was an average decrease of 11 in sample D.
The averaged results of the subjective color
comparisions of the different hair samples in
Groups 1, 2 and 3 were in general agreement
with the results of the color counts.
niscussso
Until recently almost all work involving
mammalian hair color has been done from the
genetic standpoint (7, 5). There remain many
unanswered questions regarding the normal
physiological control of hair pigmentation.
Although the mammalian hair coat displays
a wide range of color hues when examined with
the naked eye, microscopic examination sug-
gests that there are three basic types of pig-
ment, brown, black and yellow. The black and
brown pigments arc known to be formed by the
enzymatic oxidation of tyrosine to melanin. The
origin of the yellow pheomelanin is not known,
but may involve tyrosinase (9).
The coat of the guinea pig has no progressive
waves of hair growth according to Dawson (10)
and Strangcways (11). The growth period
averages four weeks, and may be as short as
two weeks, or as long as seven. The average
rate of growth varies from 2—5 mm weekly. The
resting period averages twelve weeks (10).
In a previous experiment using male guinea
pigs, it was shown that the process of clipping
the hair can influence the color of subsequent
hair growth (6). It was found that the propor-
tion of dark to light colored hairs increased in
the majority of the animals. In the present
work the untreated female control animals
showed variations in hair color after clipping.
One month after the initial clipping the ma-
jority of the animals showed an increase in the
proportion of dark as compared to light hairs.
The opposite effect was seen a month later. It
would seem possible that clipping can produce
thermal or mechanical stimulation of the skin
which in turn may influence the activity of the
melanocytes in the hair bulb. Although the
greatest care was taken in the harvesting of the
hairs, the very nature of the process used must
have traumatized the individual hair follicles to
some extent. Although the reasons for the altera-
tion in hair color following clipping are not
fully understood the range of color variations
produced by the process has been established
and must be taken into consideration before
one can assess the effect of ovariectomy, estro-
gen and pregnancy on hair color.
Ovariectomy has been shown to inhibit
melanogenesis in epidermal melanocytes in the
guinea pig and estrogen has been shown to
strongly stimulate cpidermal melanocytcs (1).
The results of the present work show that
ovariectomy or estrogen (using the same dose)
have no definite effect on guinea pig hair color.
This would indicate that follicular mclanocytes
and epidermal mclanocytcs although morpho-
logically indistinguishable respond differently to
the female sex hormones. This difference in
response, however, does not apply to all
hormones for it has been previously shown
that both groups of melanocytes respond to the
melanocytc stimulating hormone by increasing
their output of melanin (6, 12). It might also
be noted that increasing age in the human sub-
ro
RED ANIMALS ANTERIOR ABDOMINAL WALL
60
509),
Ct
C
las
U.0
40
—-•'
30
2 3
HAIR COLOR 421
ject results in inhibition of follicular melano-
genesis with the appearance of grey and white
hairs; similarly, it has been shown that epi-.
dermal melanogenesis is diminished with age (3).
Clinical observation has revealed hyperpig-
mentation of the face, nipples, anterior abdom-
inal wall and perigenital regions in pregnancy.
Microscopic examination of skin sections and
sheets in the human subject (3) and the guinea
pig (4) has shown that there is a great increase
in the production of melanin by the epidermal
melanocytes of the skin during pregnancy. A
careful study of the relative numbers of dark
and light colored hairs harvested from guinea
pigs during the different stages of pregnancy in
the present work shows that the hair color does
not appear to be influenced by pregnancy.
Minor changes in the proportion of light to
dark colored hairs occurred but none of these
was significant. One must conclude that the
raised levels of estrogen and progesterone and
inelanocyte stimulating hormones known to be
circulating in the blood during pregnancy did
not influence the output of melanin by the
follicular melanocytes. On examining the litera-
ture we were unable to find references to cases
of women experiencing lightening or darkening
of the hair during pregnancy. This would thus
appear to be a further example of the inde-
pendent activities of follicular and epidermal
melanocytes.
The lack of response of the follicular melaiio-
cytes to the procedures outlined in the present
research is in marked contrast to the responses
obtained with epidermal melanocytes referred
to above. While it is possible that the threshold
for hormonal stimulation of the follicular mel-
anocytes is higher than that of melanocytes in
the epidermis it must be remembered that dif-
ferent methods of assessment of melanogenic
activity were used in the two sets of experi-
ments. In research on the epidermis the mor-
phology of the melanocytes and surrounding
keratinocytes were carefully studied whereas in
the present work the follicular melanocytes
were not examined but the hairs were carefully
studied. It is possible, therefore, that minor
changes in follicular melanocyte activity in
response to hormonal changes could have been
overlooked.
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